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HIGk~SPE~D” Ii&ESTIGATION OF”SKIN ,..,:

WRINKLE-S ON Two,iqcAti’IWoILs .,:.. ,.,.,, .-, .: . .
,“ ‘:~’’:~ap~’$”*”~ob~;$o:n’,.:‘. .. . “:-” -- .

., .r,:~.. . . i. .. . . . .. . -. ..-’

,, :,.!: ,. . . :, , ‘,
,.”. . . ~ .-;.“.

The effects’‘on theaerod”&6 &&racterig=~’cS or
—

skin wrinkles ?n the’forward part”of the upper surface
of two I$ACAairfo~ls have ‘been investigated ati the
results are dompardd,with tho”seobtained for the same
two airfoils In a smooth cazi-ditio,n.L The airfoils used
were the NACJI66,1-.115 and-.”23~15sect\OnS~ The wind-
tunnel investlgatio’n.~noluded, speeds up, to a Mhch
number of 0.73. , ,.

?,’-..... ,.,
The results “Showed that no...appreable”e”change .in

normal-force or pitohing-mome”nt ~haracterfs$ics ovea .
the range- of”,hlheh’npmbqrtested’ (C).25%6 0.73) fias caused
by the ,w~inkle on qn”airfoil section. . The drag for the
wrinkledoonff~dtions was gre,ater than ‘th$it,for the
smooth :configurattops. Z%e wrink~es’ caused% reduction
in the priti:cal:s e’edand a“’corre”spondingreduction ,in
the speed.at whitE drag foroe b~eaks occuri ““me wak at
subctiitioal speeds,,spread an.insignificant a’mmnts =d
the ‘lshock spre~dtt,,o,f,,the wake ”~t,hsspread of the ‘wake
due.to shock on’tlie‘afrfoil) ~cc~red at lo$veg Mach
xwiml%rs for the’’’winkl”edeonfigura$ions,:t.hanfor the
smooth configurat$ons~ The results .ihqther indic~ted
that the.span of ,the wrinkles tes’t?d.had no .effeet on
the .section.aeiddyn@c ,charao’teristica- ‘ ‘ . “

* ,... .,
A’~heo&tical balcu&tion of’the preSsure”distr~-

bution over the ‘ti&inkleswas made and oqnnpared”’wi-tha
low-speed pmssure,~qsurementi .. .

... . ..”
. .—-.

INTRODUCTI&? ‘ “: ~ ,... .-

,. “.:”.
{ ,.,

Airplane’wings operating under high load conditio~ss
such as are encountered in gusts,,od pull-outs, may have
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wrinkles developed on the skins Although determining in
flight the profile of these wrinkles with a fair degree
of accuraoy is impractical, determining in flight the
load oondition under which these wrinkles occur is
relatively simple. Wrinkles similar to those observed
under flight conditions can thus be reproduced by
static-load tests. In order to determine the effects
of wrinkles of this type on the aerodynamic charac-
teristics of an airfoil, tests in the Langley 8-foot
high-speed tunnel were conduoted with two representative
l?ACAairfoiLs having simulated typical wrinkles. The
wf.nd~tunnel investigation included speeds up to a Mech
number of 0.73 and loads corresponding to conditions
simulating the lift coefficient required to produce
a kg Pull-out thro%hout the high-speed range for an
airplane having a wing loading of 40 pounds per square
foot and flying at an altitude of 2C,000 feet.

The airfoils selected for the wind-tunnel investi-
gation were the NACA 66,1-115 and 23015 airfoils. The
NACA 66,1-115 airfoil is repres~ntative of airfoils
giving high critical speed, and the NACA 23015 airfoil
is rep~eseritative of earliar oonventi.onal airfoi18
having their peak rmgati.ve pressure farther forward.

The profile of the wrinkles seleoted for the tests
were obtained from a full-scale static-load test specimen,
The wrinkles developed in the specimen consisted ‘
principally of depressions relative to the original ~:&-
face so that the crests of the waves did not project.
to any great extent above the original airfmil contour.
The chord of the specimen was 91 inches and the tutal
a~litude of the wrinkle was approxn]ately 3/8 inch at
the section under the load at which the wrinkle profile
measurements were made. The wrinkles selected for the
present tests occurred in front of the forward spar of
the static-load test specimen; wrinkles developed behind
the forward spar were not included in the wind-tunnel
tests since it is believed that these wrinkles, because
of their large wave length, would.not seriously-how up
in flight.

~eoretical calculations of the pressure Mstri-
bution over the wrinkled NACA 66,1-115 airfoil were
made by a combination of the I’slopemethod~’ of refer-
ence 1 and the Theodorsen-Garri.ck method of referenoe 2
for an angle of attack of 0°, and these theoretical

2
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values are compared herein with the measured low-speed
valuess . ... .
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SYMBOLS‘“’”; “ ‘ ‘“
,.. .

(
...

Local pressure - Static pr

)

“&sure
pressure coefficient . . ..,:”” .Dyna@c pressure

section lift coefficient . , --

section normal-force coefficient ..,., .,

section pitching-moment ,coefficLe.r&,&@out.qus.rt9r-
. .cho’rd.point. . : ,- . ‘: ~~

.-. .......
section profile-drag coefficient —

....~i..-..
angle of attack

L..

,-. ,.. s,’.’”- .’,”,:.. .. ~.

velocity-increment ratio

free-stream veloclty
..

ve.locity,~ncre~ept above.free-s.tre~ velocity
. ....“

,&:s,t-antefr~m aii?foi,l~ose paralle> ta ch&d-,
~ inches,; ...-.

7: -di.stanc.efrom airfioil c~ord ;pe.rpendicularto chord,
,..,.inches; perpendic”tiar to”t~e~ center line, .,

.‘for”wake-location data . .. .
.

dtstance fwj~ smooth airfoil surface to ,wrlnkled’~y. “

.swfaoe , . ., .’

x“. c00r~”n~te U-f,wrinkl ed ‘surface’‘on’fI,atplate ~
measured tqo~ airfoil nose, inches ..”.’

.

Y coordinate .o’f.wri-nkled.s,qrfaceon flat pla’te ~‘~-
measured .,from flat plate, inches (Y = Ay )

. .
M.: - Mac:h.number : ,, .

,..
c. .a$rfo~1 chord’,i,nches ‘,

,.‘, . ..-
● ,. ., ..., ., .<
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Subscripts:

‘w

N

T

u
L,,

Cr

max

wrinkle on flat plate

normal airfoil

wrinkle on airfoil surface

upper wake bo’&ndary

“ lower wake boundary .-. . .,, .

crttical, t-hatis, value of variable when sonio
velocity has just been attained in flow
around airfoil

maximum
,., ,.,,

Other symbols used in appendix are defined As introduced.
.) ‘i.,:.

,;APP~RATUS AN?.P~O,CED~ .,t

-,..,.:. i

The tests were conducted i$ the LAn.giey8-foot-
high-speed tumel, which has a “single-return closed-
throat circular test section. !I’JJ9power available at #

the time of the present test-s-limited speeds to M = 0.73.

The NACA 66,1-1I.5 and 23615 +ii”tif~ils,which had
2~-inch chords, completely spamed the tunnel throat
as shown in figure 1. T% types of wrinkles havirig,
different spans but the same chordtiise shape were
investigated (figs. 2 to ,!+)..Thesg wrinkles were called
the long wrinkle and the short wrifikle and had spans
oflQ inches (04417 chord) a,nd2 ,igches.,(0.~83&chord),
reapeotively, The wrinkled sirrfacewas “simulated’by
inserting blocks of,.thedesired shape so ,that the leading
edge of the wrinkles w’as0.5 indli (0..O~l,chord) beM.nd
the airfoil leading edge, and the $rail~ng edge of the

,“. wrinkles was ,5.5inches .(.O..229~hord) ,l?ehindthe airfoil
leading edge. ‘(See flg~; ,3 S@ .4.) @e arq?litudes of
the wrinkles were app~ti,xilmatel.y?.l”inph (0.00417 chord)
and the wave length was 2 inohes (0.083~ chord). The. .
spanwise ends of the wrinkles were faired @ the smooth

●

airfoil surface by fillets having a radius equal to the
departure of the wrinkled surface from the smooth surface. ‘4

,..,.
,.; ~, ;,: ;,

;. ,;. .,., ,, .,
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,, . .

me fillet at a val~ey Wa”S f~~re~ inward and the fillet
at a peak,was .fqired.ou.tw,ard~...... .... .- ~~- - -........ . ,, -

C.arb.ojnuxdumdust that .had..a.mem &&e-ter of’0.005inch
W-i#””blown,Pna.tacky shellac, strip 3/32 inch (OC0039 chord)
wide for the fixed-transition configuration. The leading
edge of this transition strip was placed spanwise on the
otherwise smooth model at the 0,021-chord station on the
upper, surfaceof theNACA 23015 airfoil. Wg” location
c,~rresponds“to.,the leading edge of the wrinkled surface.
The “iiACA6$~1-.115 airfoil was not tested in the fi.xed-
tr.~~$.t.iqnconfi~ration .because,drag and critical-speed
data were available from unpublished tests previously
conducte,d..i~.the Langley 8-foot ~gh-speedt-el*”.- ,. -, .-.,.-,.!!;.... .

l?rofi”leI&’@&W& detertin~d fro~~~~-ts ~~~ned
by,the walib-survqy rake placedbehind. the airfoil (t%gs. 1
and”5) ,bythe methods.,of refereme. 3. “.’Thewake-survey
rake was suppprted Qn an auxiliary airfoil, or a hori-
zontal struts and could be moved from the tunnel vertieal
center plane to 2)4 inches on either side of this plane$
as shown in figure 1. With the model Set at a = 0~, the
total-pressure tubes of the rake were 37 inches (1.5@ chore)
behind the trailin edge of the NACA 66,1-115 airfoil and

*- ~19.81 inches (0.82. chord) b~hindthe trailing edge of
the NACA 23015 airfoil. In order to measure the proftle
drag of the wrinkled sections the rake was placed 15 inches

. spa,nw~qe.fromtheceqt,er liqe.mf the model directly behind
the.ti,dspan of .the.wr~k~~”~;~tn~o~er”to measure the p“ro-

.~..—.. .-

file :dra~ of ,.~$qsmooth-wing w ‘.tixed-transitioneon-
fi@@qt~ons8 the rake was placed s“ymmetrlcally on the “
ot~er!side of the,eenter.line OF the model. Th6 ‘total-
pressure loss and the static.pressures. in the wake were
measured on a multiple-tube integrating alcohol manometer
Great ~m?e’was exercised t,okeep”the model especially
olean d,y.ringthe wak,e-survey tests~ , ‘ I ‘., ..... ..:. .

Si&ult;ane,ouspressure measur%ment~ were.made at
both spanwise stations for most of the runs. All the
pqessures yere measqred by p,hot.ographinga multiple-
tube tet~a-bromo.e$hanemanometer I Pressure data were
obt-ained for,,thp,following, configurations of the two
‘IJACAairfoils: , . : .’ z ‘:.“

.“7. t.:
-., ..,., -,.-~..’:;-,..“. . f..,,. , :{..>i.,.._ ,’, i.f”l .. .

.
,. ‘. ’.... . .

;/:,, . . ... -,-.
!. ,.: . . . . . ....,.. .. ;q ---

:. ’:.. .’ .,.

. .
!,-. #.,_ .,

. . ,, ,. 5’.,,:,,: ,,+, . . ., , ..--....,’ :. f “ ,“ .:: ,.’b”.”
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NACA 66,1-115 airfoil I NACA 23015 airfoil

Smooth wing I Smooth wing

Long wrinkle I Long wrinkle

Short wrinkle I Transition fixed at the
0.021-chord station on
the upper surface

The wake-survey tests were not run simultaneously
with the pressure measurement beoause the rake and
strut absorb enough power to reduce appreciably the
matimum tunnel speed. Drag data were obtained for the
same configurations as were the pressure data exoept
that drag was not measured for the short wrinkle of
the NACA 66,1-115 airfoil,

RESULTS AND D-ISCUSSION
*

Pressure Distribution

MQasured pressure distribution,- A representative
f the pres~fi-%~b”u= obtafned are pre-

%%d”in figures 6 to 12 for the NACA 66,1-115 airfoil
and i.nfigures 13 to 18 for the NACA 23015 airfoil.
The short-wrinkle pressure distributions and the long-
wrl,nklepressure distributions agreed quite closely;
therefore only one group, for the long wrinkle, 1s
presented in the present paper. A comparison of the two
sets of data was expected to show the effects of spanwise
flow that were believed to exist; the flow for both
wrinkles was, however, apparently the same.

When comparisons were available, the pressure dis-
tributions for the fixed-transition and smooth-airfoil
conft

Y
rations are shown to agree @i.te closely (figs. 13

to IT ; furthermore, for the range .investlgated the
pressure recovery at the trailing edge behind the
wrinkle is similar to that for the smooth airfoil,
which indicates that any separation that does occur
is not due to the wrinkle.

With increasing angle of attack the largest peak
over the wrinkle on the NAcA 66-series airfoil moves

-b

-f

6
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to the move forward peaks (for example, figs. 7 and 11)..
TMS .Eorward movement of the peak over the wrinkled .
airfoil is due’.to the forward movement of thq,peak
over the normal airfoil. I?ortheNACA 23015 airfoil
(figs. 13 tO 18), in which the pressure distribution :
of the lmr%&l airfoil does not have so sharp q peak
atjthe’?nose;at;~gh angles of attack as that of the
NACA 66,1=115 airfoil, the lsrgest peak over the .
wrinkle retiaizasat the same looation regardless of
the variation in angle of attack or speed. . ,,.. ..

.-

Theoretical pressure distribution.- The pr65Sures . “-
for t~upper surface of the wrinkled NACA 66,1-115 a~r-
foi.l+wape computed for an angle of attack of 0° by a
combination of the slope method (reference 1) and’the” ..
Theodorsen-Garrick method (reference”2). The slopemethod,
which-is, given in the appendix, was used to compute the
velocity-increment ratio over the wrinkle developed on a
flat ~late .(fig. 4). This velocity-increment ratio was
a~ded to that obtained for the smoot~ airfoil (fig. 19) ‘

.. by:the method of reference 2. The total velocity-.
increment ratio was”then converted to p~essure coeffi-*’ cient. In figure.20 the theoretical pressure coef~i=”
cl.ents aye compared with the pressure coefficients tieastn%d
at a= 0° and M= 0.250i- Meesuri.ng the peak pressures

● when the gradients are sharp end steep is,inherently
difficult; also, local separation may occur. Botlnof
these effects would cause th~ measured values to appear
legq.k~~veie.fhan the calculate~values at the pe~kti
a,~d”valley:t The fairing for the measured gresswe
di$tributio~is that customarily used but is, however>
qui$,Oa~t&trary. It is possible to fair thro”tighthe ““
tiea~~ed pressure coefficients and obtiainbetter” ag&Ga-:
ment with,tbe ,calculated’curve.than that shown ih fig-”
ure 20. me calculated values also are subject to ‘srnal”l
errors,ca~ed bj,fitting the equations of the wrinkled
surface to the actual surface, Despite this”differenc~
in the fairing, the lift and the pitching-moment coeffi-
cients obtained from either the calculated or the ..
m.e:$sureiip~essurd distri~utions agree q~%e- closely
because a peak.difference is compensated by a val~ey
difference.

- ~..... ..

,.

Section Normal-Force Coefficient
...

The pressure distributions were integrated graphi-
.

tally to obtain the curves of section normal-force

7
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coefficient that are presented in figures 21 and 22*
Some points for fairing these .curve$; where M = 0.250
and data wbre missing, were ,obtained by Interpolation
from plots of Cn against.lae

Figures 21 and 22 showj;hats florthe ra~e -of’
speed and angle of attack tested, the variation of Cn
with speed for the.wrinkled:, the ““I’ixed-transition$ or
the smobth configurations r,ematns.the same; ‘It may be
concluded$ therefore$ that.no large detrimental effects
are oaused by the wrinkle or the fixed-transition con-
figuration. In fact, at subcritical speeds a slight
increase in

C%mlx
is possible for wrinkles of the size

investigated and in the-location tested. This increase
probably results becausetranqitlon is fixed at the
re”gi.onof the wrinkle, aridthe turbu.l~nt boundary layer
that ensues may delay separation, Heference 4 shows
that, when small roughness was placed at several posi-
tions on the upper surface of the NACA 63(420)-422 air-
foil, an increase in cl

(
0; c~ax

)
was obtained;

hlax
although, when roughness was plaoed on the nose of the

was experienced.airfoil$ a decrement to Clmax
,,

Section Pitching-Moment Coefficient

The section pitching-moment coe~ficients were
obtained by integrating the chordwise pressure distri-
bution to obtain the pitching moment about tha quarter-
chord point; the small contribution of the chordwise
forces was neglected. The data for smooth and wrinkled
sections of the NACA 66,1.115 airfoil are presented in

figure 23. The section pitching-~ment coefficients
for the smooth, the wrinkled, and the fixed-tz%ri-n~ition
configurations of the NACA 23015 airfoil are compared
In figure 24.

The effect of-the wrinkle or of fifing transition
on the section pitching-moment coef’ftcients is neither
consistent nor large. The wrinkle or fixing transition,
therefore, may be concluded to have no serious effect
on the pitching-moment characteristics of the airfoils
for the range investigated.

..

7-
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Section

,,.,- .,. +-..,: ::.. --- .

Profile-Drag Coefficient-.,,
,,

The section profi-l&-drag.co.effic~~ntsa~e’~res;ented
for the NACA 66,1-115 airfoil In figure 25’;atidfor the
NACA 23015 airfoil in fi.gure26. The dat”d’for th8-
fixed-transition configuration of the NAcA”66;1-~15 a~r-
foil are from unpublished tests previously made in the
Langley 8-foot high=sp,e~d tunnOl. .. -,,

.,..-“r..
Reference to fi,gure25 shows tha~:the”drag ‘of the

NACA 66$1-115 airfoil i.sincreased .foritha,wrinlsled
configuration. Tlirough the subcritiqd spe’ed:rshge.
the drag increment due to the wrinkle is sornswhat less
than that cause~ by fixing transition on bot~ surfaces.
A peroepti.ble drag rise (drag force break)’ is,reached
at lower speeds for the wrinkled config~ation than
for the smooth or the fixed-transition configuration.

Figure 26 shows that at subcri.ticalspeeds the drag
increment due.,to the wrinkle on the N.ACA23015 airfoil
is equal to or-slightly larger than.the,.i.qcrementdue
to fixing transition on the upper surfs’de.only at the
leading edge of the wrinkle. -This equal+t~ ihdi.cate~
that the drag increment due to the wtiink ~e’t-~d.writlcal

%speeds is mainly c“ausedby moving ~he~,~r~e.1;Yi.%icnpoint
to the region of the leading edge of .tQe wkimkle. :The
drag rise for the wrinkled wing is ,se”en””t.ooccur at a
lower Mach number than the drag rise for the smooth
wing or for the fixed-transition, configuration.

., -.
.,

Wake Looation”. ...7 ..-
..

Plots of point drag coeff~cient ‘agai’jngtvertical
distance from the chord were used to obtain the ‘wake
boundary behind the airfoil. The pos~tion:where the
point-drag-coefficient gradient iq ftrs~~e”qtialto zero
is considered the boundary of the wake. This point is
obtained from faired curves of point drag ctieffi.oient

/
dad. dy against vertical distance ,typical curvOs.?3 ~ . ._

of which are presented in figtie ’27. I . ‘.
..... . ,

me dist=ce YY in inches, (fig. ~) wag measured
vertically from the airfotl.,chordektended to the wake-
boundary meas~mi.ng plane. The ~.&t”aWere then reduced
to nondimensional form by dividing ‘$ by the airtoil
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chord C* This value y/o for the upper and the lower
limit of--the wake is plotted againstillach number in
figure 28 for the NACA 66,1-115 airfoil. The wake
looation for the NACA 2301~ airfoil is presented i.n
figure 29.

7“

#

In fi,gures 28 and 29, the spread of the wake at
subcritical speeds is shown to be only slightly @_der
for the wrinkled and the fixed-transition c~nfigurations
than for the smooth configuration. The ‘tshockspread*’
of the wake (the spread of the wake due to shock on
the airfoil), however, occurs at lower speeds for the
wrinkled configuration than for the smooth airfoils
whereas it occurs at the same speed for the fixed-
transitioa airfoil as for the smooth airfoil.

Critical Speed

Critioal speed is def’lned as the undisturbed air-
speed wh?m sonic velocity is first attained in the flow
around an airfoil. The variation of critical Mach
numbe~ with section normal-force coefficient for the %

NACA 66,1-115 airfoil is plotted in figure 30(a). The
sin~le point for fixed transition was acquired from
unpublished data obtained in the Langley 8-foot high- .

speed tunnel. The critical-speed data for tho NACA 23015
airfoil are given in figure 50(b).

Figures 30(a) and 30(b) show that the critical
speeds for the fixed-transition and the smooth-wing
configurations are approximately equal to ezch other for
each of the airfoils tested. T!he.cri-tical speeds for
the wrinkled configuration are lower than those for the
smooth airfoil, the wrinkled NACA 23025 ‘airfoil suffering
a more ssvere 10SS of critical speed than the wrinkled
NACA 66,1-115 airfoil.

In spite of the lower critical speed fir the
wrinkled configurations, the normal force break appears
to occur at a speed at least as high for the wrinkled
configuration as for the smooth configuration. TM.s
phenomenon indicates that local+zed compression shocks *
will not necessarily cause normal force breaks to occur.
The rise in drag’indicated by the curves of cd. against

M (figs. 25 and 26) for the wrinkled configurations, ‘A

however, does occur at the respective critical speeds,

10
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Airplane Performance

Because no appreciable ohange in normal force or
pitching moment is caused by ths wrinkle, there will be
no important changes in the stability of the airplane
at subcritical speeds, The speed of the airplaneZ
however, will be adversely affeoted by an increase in
&rag when wrinkles ocsur on the airfoil surface. It
has previously been indicated that, at a given angle
of attack and Mach number, the wake of the wrinkled
section at supercritical speeds is wider than that of
the smooth section; therefore additional attention
should be given to the tail location when wing wrinkles
may occur in flight,

Wrinkles that would not aause the flow to separate,
formed farther back than the ones tested, will probably
have less effect on the airplane performance. An effect
of the wrinkle is to fix the transition point; hence
wrinkles farther back would not cause so much of the
airfoil to be subjected to the turbulent boundary-layer
flow, and the expected effect will necessarily be less
for the wrinkles that are farther back than the ones
tested.

CONCLUSIONS

me NACA 66,1-115 and 23015 airfoil sections in
smooth and wrinkled conditions have been investigated
in the Langley 8-foot high-speed tunnel. Effects of
s~n wrinkles, which had spans of 10 inches and 2 inches~ -
on the forward part of the upper surface of the two air-
foils indioated the following conclusions:

1. ‘IThewrinkles did not appreciably change the
normat-force or the pitching-moment characteristics of
the airfoils.

2. The critical speed of the airfoil was lowered
by the wrinkle; however, the speed at which the section
pitching-moment and section normal-force curves break
remained unchanged for all practical purposes.

3. The drag increment due to the wrinkle at sub-
critical speeds was appreciable and the drag foroe

u
—
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break for the wrinkled configurations occurred at
lower Mach numbers than for the’smooth configurations.

~, The wake at subcritical speed spre&d--an-
insignificant amount due to the wrinkle, and thellshock
spread’of the wake (the spread of the wake due to shock
on the airfoil) occurred at lower -Machnumbers for the
wrinkled configurations than for the smooth configurations.

5. The wrinkles effectively fixed transition in the
‘region of their leading edge.

6* The span of the wrinkl~s tested had no effect on
section aerodynamic characteristics.

Langley Memorial Aeronautical Laboratory
National Advisory Comnittoe for Aeronautics

Langley Field, Va.s June 11, 194.6

“*
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. APPENDIX,, . . ...

EQUATIONS FOR COMPUTATION OF THE PRESSURE .

DISTRIBUTION OVER A WRINKLED AI~OIL
.-

A particular application of the slope’method (refer-
enoe 1) is used to obtain equations for computation of
the pressure distribution over’s wrihkled airfoil. The
equations apply for any surface that can be constructed
by employing straight lines and circular arcs, provided
the thickness ratjioof the airfoils:and of the wrinkles
is not too large’.

BY use of reference 1 the velocity-increment ratio
due to”the.wrinkles at X = Xs is “

CK)xs=+J””-” (1)

\

The wrinkle may be expressed, in regions, Fas strai t-
line and circular-arc-functions of ‘X. iSOOfig. .)
It is.convenient therefore to express equation ~l)”as
follows: *

(2)

where X = O inch and Xg = 2.!+inches.
o For a straight-

line part of the wri,nkle between i - 1 and i -

—

!.

.?

,. .,
,...

13
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For a circular-arc part of the wrinkle between i - 1
and i.

./

p~dx=+l

m -x m-@+A-T1xi-l ‘s

‘%’+’)

where

[

x-
P

1

CXXL
= sin-l

r
-%-1

,.

if’

if

if
,,

A<o

,
. .

[1lW xl
G =-——

~x-x s xi-l

and .,

-1w- ~ + 2k(X - X~) - (X - X9)2

14

(Ja)

(40)
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,. . NACA TN NO, 1121

k =
.=x - ‘s;

“I
, .:

.,

.,

Cx abscissa of arc center

r radius of arc ,..

i. number assigned to tangent points

&! number of t,angentpoints (I6 for this appli’c~tion)

x~ point for whioh ~
is being computed

v
If the circular arc is concave upward the negative sign
is used in equation (4.).

When equations (3] and (4) are integrated and added
as indicated in equation (2), the velocity-increment
ratio due to the wrinkle is obtained for any desired
point X = Xs. This velocity-increment ratio is then
added to the velocity-increment ratio for the smooth

AVN at
wing — x= Xs, which was obtained from figure 19

v
by the.~ethod of reference 2. The total velocity-

AVT
increment ratio ~ for the wrinkle and smooth section

w’asthen converted-to pressure ooefl?ioi.entby the
incom~resstble-flow relation

()AVT AVT
P = -—— +2

Vv
(5)

A sample computation of P for X~ = 1.274- is given
in table I.

.,

15
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NACA TN NO- 1121

TABLE I

COMPUTATION OF P FOR Xs

(51.31 PERCENT CHORD )

Region

9
13
11
12
1

1?

16

2
t=l

%2= -0.2282
v

1.274 INCHES

o
-o O0332
-.00626
-. 103J8
-.06570
-.00717

,01070
.01158

0-
.00099
.00817

-.00151
-.004 9

3-.001 3

-0.2282

AV*
— = 0.1270 (from fig. 19)
v

AVT
5+%!!—=

v v v

(AVT AVT +
1?=-— —

Vv

= -0,1012

)2 = 0.192

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

. .—
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Figure l.- Wing and rake in the Langley 8-foot high-speed tunnel. -
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Fig. 7 c onc . NACA TN No. 1121
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Fig. a cone. NACA TN No. 1121
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Fig. 13 cone. NACA TN No. 1121
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Fig. 15 NACA TN No. 1121
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Fig. 15 cone. NACA TN No* 1121
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NACA TN No. 1121 Fig. 16
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Fig. 17 NACA TN No. 1121
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Fig. 25 NACA TN No. 1121
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NACA TN No. 1121 Fig. 25 cone.
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NACA TN No. 1121 Fig. 26 cOnt.
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Fig. 26 cone.
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NACA TN No. 1121 Fig. 27
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NACA TN No. 1121 Fig. 30
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